INTRODUCTION
============

Rheumatoid arthritis (RA) is a chronic disease characterized by systemic inflammation and joint destruction that result in the impairment of activities of daily living. Several studies have assessed the benefits of rehabilitation afforded to patients with RA who have persistent or progressive disability \[[@B1][@B2][@B3][@B4][@B5][@B6][@B7]\]. Recent advances in pharmacological care, including tumor necrosis factor (TNF) blockade or interleukin (IL)-6 antagonists, for RA have reduced the consequences of disease activity, radiological damage, and functional disability \[[@B8][@B9][@B10][@B11][@B12]\]. However, despite using biologic agents, some patients continue to experience swelling and tenderness, thereby resulting in disability. We previously reported that arthroscopic synovectomy reduced the disease activity in RA and facilitated the efficacy in insufficient response to biologics \[[@B13]\]; however, a combined therapy with rehabilitation and arthroscopic synovectomy has not yet been investigated, particularly with respect to long-term outcomes. In this retrospective case-control study, outcomes following arthroscopic synovectomy, with or without rehabilitation, were analyzed in patients over 9 years.

MATERIALS AND METHODS
=====================

Arthroscopic synovectomy was performed in 29 joints of 17 patients, based on the American College of Rheumatology (formerly, the American Rheumatism Association) criteria \[[@B14]\] and categorization by Steinbrocker et al. \[[@B15]\]. Four patients were categorized as having stage II RA, 10 patients were categorized as having stage III RA, and 3 patients were categorized as having stage IV RA. Ten patients were categorized as having class 2 disease and 7 patients were categorized as having class 3 disease, and they had a mean age of 54.82±9.82 years, mean disease duration of 9.89±9.03 years, mean follow-up period of 9.76±1.15 years, mean methotrexate (MTX) dosage of 6.24±0.97 mg/week, mean predonisolone (PSL) dosage of 4.32±2.14 mg/day, mean C-reactive protein (CRP) level at baseline of 4.83±3.68 mg/dL, mean Disease Activity Score (DAS28)-CRP of 5.18±0.56, mean Health Assessment Questionnaire-Disability Index (HAQ-DI) \[[@B16]\] of 1.63±0.79, and mean Functional Independence Measure (FIM) motor subscale \[[@B17]\] score of 78.65±4.01. All patients were treated with biologics, including 3 mg/kg of infliximab (IFX) in 11 patients, 50 mg/week of etanercept (ETN) in 4 patients, and 8 mg/kg of tocilizumab (TCZ) in 2 patients. These patients were divided to two groups. Group 1 included 10 patients (80% females) who underwent arthroscopic synovectomy with rehabilitation for 19 joints (13 knee joints, 4 shoulder joints, 2 wrist joints, and 1 elbow joint), and they had a mean age of 51.70±7.86 years, mean disease duration of 8.18±10.74 years, and mean follow-up period of 9.70±1.25 years. Seven patients were treated with IFX, 2 patients were treated with ETN, and 1 patient was treated with TCZ. The same biologic treatment was maintained throughout the final follow-up period. Baseline DAS28-CRP was 5.21±0.68, HAQ-DI was 1.46±0.92, and FIM score was 78.80±3.91 ([Table 1](#T1){ref-type="table"}). Group 2 included 7 patients (86% females) who underwent arthroscopic synovectomy without rehabilitation for 10 joints (4 knee joints, 3 shoulder joints, 2 elbow joints, and 1 wrist joint) and they had a mean age of 59.29±11.18 years, mean disease duration of 12.33±5.72 years, and mean follow up-period of 9.86±1.07 years. Four patients were treated with IFX, 2 patients were treated with ETN, and 1 patient was treated with TCZ. The same biologic treatment was continued throughout the final follow-up period. Baseline DAS28-CRP was 5.12±0.39, HAQ-DI was 1.86±0.53, and FIM score was 78.43±4.47. We used a 4.0-mm arthroscope (Smith & Nephew Inc., London, UK) for the knee and the shoulder joints and a 2.7-mm arthroscope (Smith & Nephew Inc.) for the ankle joints. We also used a shaver apparatus (Smith & Nephew Inc.) and VAPR (Johnson & Johnson Inc., New Brunswick, NJ, USA) to remove the synovium during arthroscopic synovectomy, as previously reported \[[@B13]\]. Baseline DAS28-CRP was 5.12, HAQ-DI was 1.86, and FIM was 78.43. DAS28-CRP, FIM, change in DAS28-CRP, and change in FIM at the time of the final observation at 9.7 years, on average, after arthroscopic synovectomy were evaluated and analyzed to identify the clinical factors related to patient outcomes. Informed consent was obtained from all patients, and the study protocol was approved by the ethics committee of Tokyo Women\'s Medical University (Approval No. 1321).

Rehabilitation protocol
-----------------------

One day after arthroscopic synovectomy in RA patients, passive range of motion (ROM) exercise was permitted, while assisted active ROM exercise was allowed 1 week after the operation in a rehabilitation room for outpatients. Active ROM exercise was commenced 2 weeks after the operation, but it needs to be clarified whether it means 2 weeks or 4 weeks postoperatively. An exercise program of two times a week for 12 weeks was applied for rehabilitation after synovectomy. The level of rehabilitation was determined by the sites of different joints and the severity of joint destruction, as assessed by the surgeon. Activities of daily living were restored after 12 weeks of rehabilitation; however, if RA disease-related activity or inflammation increased, rehabilitation was discontinued for a short period until the general condition had improved.

Statistical analysis
--------------------

We used the Wilcoxon test to compare DAS28-CRP, FIM, and HAQ-DI before and after surgery. Mann-Whitney U-test was used to compare these results among the different groups. Multiple regression analysis of change in FIM at 9 years after synovectomy was performed, and it included factors, such as rehabilitation, HAQ-DI at baseline, MTX dosage, PSL dosage, age, and gender. The p-values \<0.05 were considered statistically significant. Statistical analysis was performed using StatFlex version 6.0 (StatFlex, Tokyo, Japan).

RESULTS
=======

Baseline clinical characteristics were not significantly different between group 1 (with rehabilitation) and group 2 (without rehabilitation). There were no complications and severe side effects after surgery in both groups. Stage and class of RA in both groups were not significantly different. The characteristics included age (p=0.12), percentage of female (p=0.78), disease duration (p=0.37), follow-up period (p=0.56), DAS28-CRP (p=0.75), HAQ-DI (p=0.33), and FIM (p=0.86) ([Table 1](#T1){ref-type="table"}). The change in FIM was significantly increased in group 1 (10.2±3.29) compared with group 2 at the 3-month follow-up (7.00±1.91) (p=0.04). The change in FIM was significantly increased in group 1 (9.50±2.51) compared with group 2 at the 1-year follow-up (6.86±1.57) (p=0.03). The change in FIM was significantly increased in group 1 (9.00±1.89) compared with group 2 at the 9-year follow-up (7.00±1.91) (p=0.05) ([Fig. 1](#F1){ref-type="fig"}). HAQ-DI at 3 months in group 1 (0.43±0.29) was significantly lower than that in group 2 (1.23±0.66) (p=0.004). HAQ-DI at 1 year in group 1 (0.41±0.55) was significantly lower than that in group 2 (1.09±0.60) (p=0.03). HAQ-DI at 9 years in group 1 (0.49±0.54) was significantly lower than that in group 2 (1.23±0.66) (p=0.02) ([Fig. 2](#F2){ref-type="fig"}). Therefore, arthroscopic synovectomy with rehabilitation was significantly more effective according to the FIM score and HAQ-DI at the time of the long-term follow-up. Conversely, FIM score was significantly negatively correlated with HAQ-DI (p=0.04, r=-0.52, Y=88.75-2.43X) ([Fig. 3](#F3){ref-type="fig"}). Multiple regression analysis of FIM at 9 years revealed the effects of various factors; rehabilitation (p=0.03), disease duration (p=0.02), HAQ-DI at baseline (p=0.75), MTX dosage (p=0.88), PSL dosage (p=0.48), age (p=0.23), and gender (p=0.94) ([Table 2](#T2){ref-type="table"}). Thus, rehabilitation and short disease duration were significantly correlated with good outcomes following arthroscopic synovectomy in patients with RA at 9 years. FIM score at 9 years was significantly negatively correlated with disease duration (p=0.01, r=-0.58, Y=88.89-0.21X) ([Fig. 4](#F4){ref-type="fig"}). Therefore, early performance of arthroscopic synovectomy was important for obtaining a high FIM over a long period of time. A 26-year-old female with stage III and class 2 RA was treated at our clinic. Her disease persisted for 9 years and she was treated with 16 mg/week MTX and 50 mg/week etanercept. Her CRP level was 0.76 mg/dL, DAS28-CRP was 2.95, matrix metalloproteinase (MMP) 3 level was 104 ng/mL, serum TNF-α level was 17.7 pg/mL, and IL-6 level was 2.6 pg/mL. She was suffering from severe RA-associated pain in her left shoulder. Radiographic examination showed severe bone destruction that resulted in an inability to perform activities of daily livings ([Fig. 5A](#F5){ref-type="fig"}). She underwent arthroscopic synovectomy and rehabilitation before she could recover her ability to perform full forward flexion of the shoulder without pain. Arthroscopic findings showed synovial proliferation in the gleno-humeral joint of the right shoulder, and this proliferating synovium was removed using a shaver apparatus and radiofrequency device (VAPR; DePuy Synthes, West Chester, PA, USA) ([Fig. 6A, 6B](#F6){ref-type="fig"}). Two years after arthroscopic synovectomy, the radiographic examination showed improvement in glenoid destruction, including a widened joint space and a visibly repaired glenoid surface ([Fig. 5B](#F5){ref-type="fig"}).

DISCUSSION
==========

Several reports have indicated that rehabilitation is effective in treating RA patients and in facilitating the recovery of functional ability that was lost following joint destruction and high disease activity \[[@B18][@B19]\]. However, the effects of combined surgical treatment and rehabilitation have not yet been analyzed, particularly in patients with RA over a long period. Brenda et al. \[[@B20]\] reported that early continued 2--3 week rehabilitation as soon as 48 hours after surgery was effective after synovectomy of the knee. We found a significant increase in FIM score and a decrease in HAQ-DI over 9 years in this study. Our findings demonstrate that rehabilitation after arthroscopic synovectomy continues to improve patient outcomes over a long period of time as opposed to those in patients who do not receive rehabilitation. We have previously reported that synovectomy decreases cytokine and chemokine production from the synovium, thereby reducing MMP-3 concentration and preventing cartilage destruction in patients with RA \[[@B21]\]. Rehabilitation may facilitate the recovery of muscle strength and improvement of joint ROM. Surprisingly, after more than 9 years, the effects of rehabilitation persisted when compared to RA patients who did not receive rehabilitation after arthroscopic synovectomy.

We identified two clinical factors that affected the long-term efficacy of arthroscopic synovectomy: rehabilitation and disease duration. Therefore, it is critical to perform arthroscopic synovectomy and rehabilitation during the early stages of RA. Receiver operating characteristic (ROC) analysis showed that patients with a disease duration of 13 years or more would not benefit from arthroscopic synovectomy and rehabilitation (sensitivity=87.5%, specificity=55.6%, odds ratio=8.75). In this study, a 26-year-old patient with RA underwent arthroscopic synovectomy with rehabilitation. In her case, treatment resulted in a reduction in joint destruction, as indicated by the radiographic examination, at 2 years after the operation. This effect persisted over a long period of time and prevented the development of functional disability. It was possible to change the intraarticular environment using arthroscopic synovectomy and rehabilitation, which further facilitated the effects of MTX and other biologic treatments. This is the first report of long-term outcomes following arthroscopic synovectomy and rehabilitation. Our results should guide the routine treatment of RA, particularly in patients with early stage RA. The limitations of this study are as follows: this study was a retrospective case-control study. Therefore, arthroscopic synovectomy and rehabilitation were conducted at the discretion of patients. Furthermore, the number of patients was small, thus limiting our ability to draw significant conclusions. Accordingly, it was difficult to investigate the effect of rehabilitation in RA patients over a 9-year follow-up period with continuous medical treatment. Further investigations with more patients and multiple centers should be performed. In conclusion, this long-term, retrospective, case-control study indicates that rehabilitation following arthroscopic synovectomy was an effective method for the treatment of patients with RA.
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![An example of arthroscopic synovectomy. (A) Synovial proliferation (arrow) in the glenohumeral joint of the shoulder. (B) After synovectomy, during which the proliferating synovium was removed using a shaver apparatus.](arm-41-998-g006){#F6}

###### Baseline characteristics of patients who underwent synovectomy with or without rehabilitation for rheumatoid arthritis
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Values are presented as mean±standard deviation or number.

IFX, infliximab; ETN, etanercept; TCZ, tocilizumab; DAS, Disease Activity Score; CRP, C-reactive protein; HAQ-DI, Health Assessment Questionnaire-Disability Index; FIM, Functional Independence Measure.

###### Multiple regression analysis of delta FIM at 9 years after synovectomy
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FIM, Functional Independence Measure; HAQ-DI, Health Assessment Questionnaire-Disability Index; MTX, methotrexate; PSL, prednisolone.

^\*^p\<0.05 were considered statistically significant.
